THE anatomy of common ventricle has been the subject of a previous communication. ' The present report concerns the basic hemodynamic data in 43 cases of common ventricle and emphasizes those features of diagnostic laboratory significance that may permit accurate recognition of this condition during life.
Definition and Terminology
Anatomic In this paper a common (single) ventricle is defined as a ventricular chamber that receives the input of blood from both atrioventricular valves either separately or as a common atrioventricular valve" 2 ( fig. 1 ). This common ventricular chamber may or may not communicate with a secondary, smaller outflow chamber. The two great vessels (aorta and pulmonary artery) may arise from the common ventricular chamber or, more frequently, one vessel may arise from the common ventricular chamber and the other vessel from the smaller outflow chamber.' A case has been reported in which apparently neither great vessel arose from the smaller chamber. 3 In the presence of transposition of the great vessels, if the aorta lies to the left of the pulmonary artery, the term "levo" or "L-transposition" is used, and, if the aorta lies to the right of the pulmonary artery, the term "dextro" or "D-transposition" is used' (fig.  1 ).
Physiological
The magnitude of a right-to-left shunt is the percentage of systemic arterial blood flow 14 derived from the systemic veins, and the magnitude of a left-to-right shunt is the percentage of pulmonary arterial blood flow derived from the pulmonary veins.
Method and Group Studied
The 43 patients included in this report were those studied during the period May 1960 to December 1964 for whom satisfactory hemodynamic data are available. Of the 43 patients, 30 were males and 13 were females (ratio of male to female was 2.3:1). Their ages ranged from 5 weeks to 27 years, with a mean of 7.6 years. The diagnosis of common ventricle in each case was established by means of selective angiocardiography.
Cardiac catheterization was carried out as previously described.4' 5 Calculations of pulmonary and systemic blood flows, of resistances, and of shunts (left-to-right and right-to-left) were made in the standard manner.0
Results

Incidence
Common ventricle was noted in 43 of 1,351 patients (3.2%) with congenital heart disease who were studied by cardiac catheterization at the Mayo Clinic during this period. The distribution of the 43 patients according to ages and whether or not severe pulmonary stenosis was diagnosed angiocardiographically is shown in table 1; 70% of the patients at the time of study were from 2 to 15 years old. Associated Lesions (Table 2) Transposition of the great vessels occurred in 84%; three patients had incompetence of the right atrioventricular valve. The left atrioventricular valve could not be assessed by the methods of study employed. Two patients had patent ductus arteriosus, and both had severe pulmonary hypertension and some reversal of shunt through the ductus detected only by indicator-dilution curves; one had an associated coarctation of the aorta and L-transposition, and the other had normally oriented great vessels.
Obstruction to Aortic Flow
Some measure of the degree of obstruction Circulation, Volume XXXIV, July 1966 may be obtained by a comparison of the peak systolic pressure between the common ventricular chamber and the femoral artery (table 3). In eight patients the peak systolic pressures were equal. In nine the peak systolic pressure in the common ventricle exceeded that in the femoral artery; the pressure differences varied from 6 to 17 mm Hg. Three patients, with the highest gradients, had associated coarctation of the aorta. These small pressure differences were associated with normal systemic flows, and thus it appears that the patients in this series did not have serious obstruction to aortic flow.
Right-to-Left Shunt
Every patient had a right-to-left shunt that was best detected by the indicator-dilution technique and evidenced by values of systemic arterial oxygen saturation of less than 94% in 42 patients. These values were obtained in 38 patients breathing room air and in five patients under light anesthesia and breathing a mixture of gases containing 20% oxygen. The right-to-left shunt in nine patients was less than 30%; in 23 it was 30 to 50% and in the remaining 11 it exceeded 50%. Femoral artery oxygen saturation exceeded 85% in 15.
Pulmonary Stenosis
Severe pulmonary stenosis was diagnosed by angiocardiography in 12 patients. The catheter entered the pulmonary artery in only one of these 12 patients. The severity of the stenosis was assessed by angiocardiography, with the limitations of this method being kept in mind. In five patients the pulmonary steno-sis was associated with isolated levocardia or isolated dextrocardia, and the great vessels were transposed (table 4); D-transposition was present in four of them. The great vessels were oriented normally in three of t-he other seven patients in the group, and transposition was present in four, with two of the four having D-transposition. Pulmonary stenosis judged severe was associated with a large right-to-left shunt and low systemic arterial oxygen saturation. However, one patient whose angiocardiographic appearance was suggestive of severe pulmonary stenosis had a right-to-left shunt of less than 30% and a systemic arterial oxygen saturation of 91% at rest. This patient had previously had pulmonary valvotomy. The pulmonary artery was entered by cardiac catheter in 19 of the 31 patients who did not have severe pulmonary stenosis (table 5). Included in the 19 were three patients with mild subpulmonary stenosis (peak systolic gradients of 10, 14, and 20 mm Hg). Of these 31 patients, four had normally oriented great vessels, the pulmonary artery being entered in each one. Twenty-seven had transposition of the great vessels, the pulmonary artery being entered in 15. Oxygen satura-Circulation, Volume XXXIV, July 1966 tions and pressure data regarding the pulmonary circuit of these 19 patients are available in table 6 . The data are likely to be representative of the group of 31 patients without severe pulmonary stenosis. If complete mixing occurs in the common ventricular chamber, the oxygen saturation in the pulmonary artery and systemic artery (in this case the femoral artery) should be identical. This occurred in only three of the 19 patients. In more than half the patients, oxygen saturation of blood in the pulmonary artery was less than that in the femoral artery, showing that systemic venous blood is preferentially directed to the pulmonary artery and the pulmonary venous blood to the aorta, which may be considered as "favorable streaming." By contrast, five patients were considered as having "unfavorable streaming." In all but two patients in whom complete mixing did not occur, the pulmonary artery oxygen saturation was within 6% of systemic arterial oxygen saturation ( fig. 2 ). In the other two patients, both with D-transposition, the difference was 8 and 9%. The ratio of pulmonary resistance to systemic resistance (Rp/ Rs) was less than 0.7 in 68% of these patients. At the time of study there was no significant difference in the ages of the three groups whose Rp/Rs are shown (table 6). The higher the ratio of Rp/Rs, the larger was the rightto-left shunt. Comment Incidence, Age, Sex, and Associated Lesions At the Mayo Clinic, cardiac catheterization studies are performed on those patients with congenital heart disease for whom the diagnosis or severity of a lesion, or both, are in The hemodynamic feature of this condition consists of the presence of a common mixing chamber (the common ventricle) receiving the pulmonary and systemic venous blood flows via the two atrioventricular valves either separately, or as a common atrioventricular valve. The two main aspects to be considered are (1) the degree of mixing within this chamber and (2) the resistance to outflow from this chamber.
Mixing
Since the common ventricular chamber receives the total input of both the pulmonary Pulmonary Flow/ Systemic Flow Indicator-dilution curves and other pertinent data in common ventricle with L-transposition, demonstrating favorable streaming in the common ventricular chamber. Indicator injected into common ventricular chamber at site of 90% oxygen saturation is directed in larger amount to femoral artery than when it is injected at site of 83% oxygen saturation. Oxygen saturation in FA and PA is 92% and 89%, respectively. Dye curves also show significant right-to-left shunt at ventricular level and are compatible with considerable degree of intracardiac mixing. Indicator-dilution curves and other pertinent data in common ventricle with D-transposition, demonstrating unfavorable streaming in common ventricular chamber. Indicator injected into common ventricular chamber at site of 70% oxygen saturation was largely directed to femoral artery (FA), whereas when injected at site of 95% oxygen saturation it is mainly directed to pulmonary artery (PA). In this patient, oxygen saturation in FA and PA was 79% and 87%, respectively. and systemic veins, complete mixing of the pulmonary and systemic venous return may be assumed, and identical oxygen saturation of blood in the common ventricle, pulmonary artery, and aorta has been suggested as the diagnostic feature of a common ventricle. 13 Complete mixing was found in only 16%6 of our patients who did not have severe pulmonary stenosis. Streaming in this chamber, therefore, occurs very frequently and, in more than half the patients (58%), it was favorable to the body in that unoxygenated blood was directed preferentially to the lungs and oxygenated blood to the systemic circuit; favorable streaming occurred most commonly with L-transposition of the great vessels. In figures 3 and 4, indicator-dilution curves and other pertinent data are shown from an 82-year-old boy with favorable streaming (fig. 3 ) and a 12-year-old girl, with unfavorable streaming (fig. 4) . These indicator-dilution curves show that the stream of more oxygenated blood in the patient with L-transposition is directed preferentially to the systematic artery and in the patient with D-transposition to the pulmonary artery, and they also confirm the presence of streaming in the common ventricular chamber. In the vast majority of patients, however, a considerable amount of mixing occurred in the common ventricular chamber as the oxygen saturation of blood in the pulmonary artery was usually within 6% of that in the systemic artery (fig. 2) . Although it is reasonable to assume that more complete mixing occurs in the presence of severe pulmonary stenosis, nevertheless this could not be accurately measured, as the catheter entered the pulmonary artery in only one of these 12 patients.
Resistance to Ventricular Outflow
Apart from the resistance of the systemic vessels, obstruction to aortic flow may occur at the aortic valve or at the bulboventricular foramen,' that is, between the common ventricle and the small outflow chamber. If an obstruction to aortic flow was present in a third of the patients, it was very mild as small gradients in the patients were associated with normal systemic flows. Expectedly, in the presence of severe obstruction to aortic flow, the systemic output would be low, the lungs would be "flooded," and life expectancy would be compromised.
Obstruction to pulmonary flow results from pulmonary stenosis (valvular or subvalvular), from obstructive pulmonary vascular disease, or from pulmonary venous hypertension. When obstruction is severe (12 patients with pulmonary stenosis and six with pul-monary vascular disease), it results in a reduced pulmonary blood flow and a large right-to-left shunt and thus a lower systemic arterial oxygen saturation. Three patients had mild subpulmonary gradients (10, 14 , and 20 mm Hg), but the gradients were associated with large pulmonary flow and left-to-right shunt of 62, 71, and 79%, respectively. In patients without severe pulmonary stenosis, the pulmonary vascular resistance was considerably elevated in only 32% (Rp/ Rs > 0.7) and was slightly elevated in 42%. In this group, the state of the pulmonary vascular bed does not appear to be related to age (table 6) .
The systemic arterial oxygen saturation depends mainly on three factors: (1) absolute volume of and the ratio of the pulmonary and systemic blood flows (this is dependent on the pulmonary and systemic vascular resistances and the severity of associated pulmonary or aortic stenosis); (2) systemic venous and pulmonary venous blood oxygen saturation, and (3) degree of mixing in the common ventricle. A higher oxygen saturation of systemic arterial blood results more frequently from the absence of significant obstruction to pulmonary flow and from the presence of "favorable streaming" in the common ventricular chamber (table 7) . and breathing a mixture of gases containing 20% oxygen. tSee text for discussion of "severe" pulmonary stenosis.
:Mean values with ranges given in parentheses.
To summarize, complete mixing is unusual in the common ventricular chamber in the absence of severe pulmonary stenosis. "Favorable streaming" occurs in more than half the patients (more commonly with L-transposition) and results in a higher systemic arterial oxygen saturation. Severe obstruction to pulmonary flow due to pulmonary stenosis or pulmonary vascular disease results in reduction of pulmonary flow, increased right-to-left shunt, and lower systemic arterial oxygen saturation.
Diagnosis
It has recently been stated that, after the initial clinical examination, the presence of a single or common ventricle usually is not suspected and, further, that the initial clinical impression (based on physical examination, chest roentgenograms, and electrocardiograms) is likely to be one of several diseases, none of which include common ventricle.10 Table 8 shows that in this series the primary clinical diagnosis with which the patients were referred to the laboratory for study in more than 60% of the cases was a suspected common ventricle showing the high level of clinical suspicion of this condition at this institution.
The following features assist in making the diagnosis. (1) One must be constantly aware of the possibility of the presence of common ventricle. (2) All patients have a right-to-left shunt that is best demonstrated by the indicator-dilution technique. (3) In the presence of severe pulmonary stenosis, indicator-dilution curves are similar to those seen in severe pulmonary stenosis with ventricular septal defect. In the absence of severe pulmonary stenosis, indicator-dilution curves usually are compatible with considerable mixing. (4) Oxygen saturations in the common ventricular chamber (a) may vary from mixed venous to pulmonary venous levels, and (b) may be greater than those in the systemic artery. (5) If the catheter enters the pulmonary artery, the pulmonary arterial and systemic arterial oxygen saturations usually are within 6% of each other and only infrequently are they equal. (6) The systolic pressure in the common ventricle must be as high or higher than that in the ascending aorta.
Selective biplane angiocardiography of a high level of technical excellence is essential for diagnosis. It allows accurate definition of the ventricular anatomy and permits localization of the atrioventricular valves. It also defines the sites of origin of the aorta and pulmonary artery and their relationship and allows recognition of the presence of significant pulmonary stenosis, either valvular or subvalvular.
Summary
Data from 43 patients with common ventricle for whom satisfactory hemodynamic data are available are presented; these form 3.2% of the patients with congenital heart disease studied by means of catheterization at the Mayo Clinic. Selective biplane angiocardiography is essential for diagnosis of common ventricle. Associated cardiovascular anomalies are common, with transposition of the great vessels occurring in 84% of the patients.
The right-to-left shunt present in all 43 patients results in desaturation of systemic arterial blood. The common ventricle receives all the systemic and pulmonary venous blood flows; yet complete mixing is uncommon in this chamber, for it occurred in only 16% of the patients who did not have severe pulmonary stenosis. Fifty-eight per cent had oxygenated blood directed preferentially to the systemic circuit ("favorable streaming"). This occurred most commonly with L-transposition and resulted in a higher oxygen saturation of systemic arterial blood. Obstruction to pulmonary flow (from pulmonary stenosis or pulmonary vascular disease) results in a larger right-to-left shunt and lower oxygen saturation of systemic arterial blood.
Addendum Since January 1965, 17 more cases of common ventricle have been studied in our laboratory. In general, the findings in these cases have been similar to those reported in the paper, except for three; these three cases illustrate special points of interest.
Patient 1 represents an extreme example of "unfavorable streaming." In this 2-year-old boy with common ventricle and D-transposition, the oxygen saturation of blood in the pulmonary artery was 16% higher than that in the systemic artery. Patient 2, an example of severe obstruction at the bulboventricular foramen, was a 1-yearold girl with common ventricle, L-transposition, and a subaortic chamber, who had surgical banding of the main pulmonary artery. Simultaneous pressure measurement in the common ventricle and the subaortic chambers showed a systolic gradient of 35 mm Hg across the bulboventricular foramen. The systemic index was 2.2, the pulmonary index 13.0, Qp/Qs was 5.9, and the left-to-right shunt was 85%. The peak systolic gradient across the banded pulmonary artery was 75 mm Hg. Patient 3, an example of severe incompetence of the left atrioventricular valve, was an 18-year-old girl with common ventricle and L-transposition. Severe incompetence of the left atrioventricular valve was demonstrated by the indicator-dilution technique and by angiocardiography. A huge left atrium was present and extended to the left chest wall, forming the left border of the heart.
